matching was used to obtain measures of Bezold-Brucke hue shifts with very brief flashes (17 msec) at ten wavelengths and several illuminance levels. Results were generally similar to those obtained by Purdy (1931) with uncontrolled stimulus duration. but there were also important differences. These were: the locations of invariant hues; the direction of shift for blue-green hues: and a reversal in shift direction at high intensities for yellowish stimuli. The results are compared with other measures of the hue shifts and discussed with respect to trichromatic and opponent-process models of color coding.
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INTRODL'CTIOS
Visual scientists have known for over a century that the perceived hue of a light of fixed wavelength is affected by varying its luminance or brightness. The effect is known as the Bezold-Brucke hue shift after two of its early discoverers. Using a hue matching procedure, Purdy (1931) found that most stimuli became bluer or yellower as stimulus intensity was increased. There were, however, four chromatic stimuli for which hue did not vary with changes of intensity. Purdy concluded that three of these invariant hues were the unique hues, yellow, blue, and green, but the fourth was a purplish-red hue that was not identical with unique red.
Since Purdy's early work there have been several other studies of intensity-dependent hue shifts. The results of many of these studies conflict in various ways with the results obtained by Purdy. Disagreements arise over the number of invariant hues, whether the unique hues are invariant, whether there are non-unique invariant hues, and whether all hues which do exhibit intensity-dependence become either bluer or yellower with increasing intensity (see Boynton and Gordon, 1965; Jacobs and Wascher, 1967; Larimer et al., 1974 and 1975; Smith et al., 1968; Savoie, 1973; Cohen, 197.5; and Walraven, 1961) . The stimuli used to measure the hue shifts in many of these studies differed considerably from those used by Purdy. It now appears that differences in stimulus parameters may be responsible for some of the conflicting results. In particular, Nagy and Zacks (1977) have shown that stimulus duration was a major fac- Purdy and Savoie (1973) . Purdy did not control viewing time while Savoie's stimuli were 5 msec flashes. Subsequently. Nagy (1979) found that stimulus duration has an effect on the invariance of unique hues. With very short stimulus duration, none of the unique hues was invariant. The nature of intensity-dependent hue shifts with brief stimulus durations is still largely undetermined, however, since measures have been obtained primarily from the yellowish region of the spectrum (Savoie. 1973; Nagy and Zacks. 1977) . This paper presents further measures of the hue shifts obtained with short flashes at wavelengths and illuminance levels comparable to those used by Purdy. The results are compared to those obtained in other studies of the hue shifts and are discussed briefly with respect to explanations of the hue shifts.
,METHODS

Apparatus
A conventional two-channel Maxwellian view optical system was used to present stimuli to the observers. A 1.50 W Xenon arc-lamp driven by a d.c. regulated power supply provided illumination for both channels. Schoefiel double monochromaters positioned in each channel provided narrow-band spectral stimuli. Stimulus duration was controlled with Vincent Uniblitz shutters which provided nearly square-wave pulses of light 17 msec in duration. Wratten neutral density wedges were used to control luminance. Relative calibrations were done with a United Detector Technology photodiode (Pin-10) placed at the position of the observer's eye. Retinal illuminance levels at 580 nm were estimated with a MacBeth illuminometer using the method described by Westheimer (1966) . Field stops provided two small circular fields 0.6" in diameter, separated by 0.5'.
Procedure
Procedures were similar to those used by Savoie
